One hundred reference strains and 1,240 clinical isolates representing 26 species of the family Micrococcaceae were used to evaluate the potential of tests for synergistic hemolysis, adherence to glass, pyroglutamyl-II-naphthylamide hydrolysis, and susceptibility to a set of five antimicrobial agents for differentiating these species and strains within the species. Sixty-eight percent of the clinical isolates exhibited synergistic hemolysis; 69% of the clinical staphylococci but none of the micrococci or stomatococci were adherence positive, and 92% of the strong positive adherence reactions were produced by strains of Staphylococcus epidermidis. Strains from 15 of the species were pyroglutamyl-4-naphthylamide positive, but this test separated Staphylococcus xylosus from other novobiocin-resistant staphylococci and Staphylococcus intermedius from other coagulase-positive species. A polymyxin B disk helped differentiate S. epidermidis from most other coagulase-negative staphylococci, and a bacitracin disk (10 U) helped differentiate Staphylococcus haemolyticus from most other novobiocin-susceptible staphylococci. All strains that were susceptible to furazolidone and resistant to Taxo A disks (bacitracin, 0.04 U; BBL Microbiology Systems, Cockeysville, Md.) were staphylococci. We observed a 91% correlation between species identification obtained with the Staph-Ident system (Analytab Products, Plainview, N.Y.) and conventional methods; but the micrococci and stomatococci were incorrectly identified as staphylococci with Staph-Ident, and several isolates of S. epidermidis were misidentified as Staphylococcus hominis because they were alkaline phosphatase negative. Both these problems can be prevented by adding the simple tests we describe to those already recommended when the Staph-Ident system is used to identify isolates of gram-positive, catalase-positive cocci.
Although the pathogenic role of coagulase-negative staphylococci is now well established, the clinical significance of the various species is still being defined. We should not disregard any of these organisms until their clinical significance is resolved, and since they are frequently opportunistic pathogens, we may never completely resolve the question of significance. Other members of the family Micrococcaceae are also being identified as opportunistic pathogens (7, 11) .
Conventional methods used to identify species of staphylococci involve many tests that require the preparation of a variety of special media and reagents and 3 to 5 days of incubation to obtain results. A further complication is the range of reactivity within each species with many of the test systems. We used several techniques to study these organisms because we need a test or set of tests that (i) allow quicker species differentiation without the expense and expertise required by more sophisticated methods, and (ii) separate strains within a species as a measure of virulence. Kloos and Wolfshohl (20) reported more than 90% agreement between the rapid Staph-Ident system (Analytab Products, Plainview, N.Y.) and conventional methods of identifying most species. Christensen et al. (6) described a test for slime production or adherence that might measure virulence and, therefore, clinical significance. In an earlier report (16) , with strains representing 17 species of staphylococci, we suggested that synergistic hemolysis tests could discriminate among species, but more strains needed to be studied for many of the species. We have now examined reference and the reference strains, many of the coagulase-positive clinical isolates, and all of the coagulase-negative clinical isolates were tested with the Staph-Ident system (Analytab Products). This system contains tests for the production of alkaline phosphatase, P-glucosidase, ,-glucuronidase, and P-galactosidase; for the utilization of urea and arginine; and for acid production from mannose, mannitol, trehalose, and salicin. The panels were inoculated and processed according to the procedures recommended by the manufacturer. The resulting biochemical profiles were expressed as four-digit numbers. The recommended additional tests for coagulase production, novobiocin susceptibility, and acid from xylose and arabinose were done as required to resolve some of the profiles into distinct species. The identifications of most of the coagulase-negative clinical isolates were confirmed by the methods of Kloos (W. E. Kloos, Clin. Microbiol. Newsl. 4:75-79, 1982 ) and Kloos and colleagues (18, 19) , with one modification. The carbohydrates in purple-agar base (Difco) were prepared and poured into the 16 -mm wells of 24-well tissue-culture plates to ensure the isolation of individual reactions. These plates were prepared as follows: (i) 0.05 ml of a sterile 20% carbohydrate solution was placed in a sterile well, and (ii) 0.95 ml of sterile purple-agar base was added to the well and mixed gently. Each well of a plate contained a different carbohydrate solution, so that each plate of 21 carbohydrates was later exposed to only one inoculum. The plates were inoculated with overnight growth from a Trypticase soy broth (BBL) by dipping a sterile cotton or polyester fiber-tipped swab into the culture and touching each agar surface. All plates were then incubated and read as described in the reference method (19) . The carbohydrates tested in these plates were glucose, maltose, trehalose, mannitol, xylose, xylitol, cellobiose, sucrose, turanose, mannose, ribose, raffinose, lactose, fructose, arabinose, galactose, melezitose, rhamnose, salicin, glycerol, and fucose.
Pyroglutamyl-pi-naphthylamide hydrolysis. All strains were tested for pyroglutamyl-p-naphthylamide (PYR) hydrolysis by using the commercial kit of PYR broth (0.01% L-pyroglutamyl-3-naphthylamide) and PYR reagent (N,N-dimethyla- Synergistic hemolysis. All strains were tested for synergistic hemolysis as described in our earlier report (16) Adherence. All strains were tested for adherence to glass culture tubes as described by Christensen et al. (6) . Several modifications of that original procedure are used to study staphylococci, and since this simple test may prove to be a tool for classifying these organisms, the qualitative procedure that we used was as follows. A sterile cotton or polyester fiber-tipped swab was used to transfer 24-h growth from a TSA Il plate to a glass tube containing 5 ml of Trypticase soy broth. The swab was rinsed in the broth to achieve an inoculum turbidity of approximately a MacFarland no. 1 standard; the swab was then raised above the broth, pressed, and rotated against the inside wall of the tube to remove excess fluid and either discarded or used to inoculate a TSA II plate for the disk susceptibility tests. The broth tubes were recapped and incubated aerobically at 35°C for 18 to 20 h. The entire contents of the tubes were then carefully poured into a flask of concentrated disinfectant.
The tubes were gently rinsed once with phosphate-buffered saline (pH 7.6) by slowly filling the tubes and then carefully pouring the rinse into the disinfectant. The tubes were then filled to the original broth level (half full) with a GramSafranin solution (Carr-Scarborough) and left at room temperature for 30 min. The safranin was then poured into the disinfectant, and the tubes were gently rinsed twice with phosphate-buffered saline before they were placed -upside down to drain and dry overnight. The dry tubes were held up to a fluorescence bench lamp and observed by transmitted light for evidence of a film adhering to the walls of the tube; observations were recorded as negative, weakly positive, moderately positive, and strongly positive. All tubes were then recapped and stored in the dark. Disk-diffusion susceptibility studies. All strains were tested for susceptibility to a set of five antimicrobial agents by a disk-diffusion method using TSA II plates (15 by 100 mm); this is not the standard susceptibility test used in diagnostic testing. The antimicrobial disks (BBL) used were novobiocin (5 ,ug), polymyxin B (300 U), bacitracin (10 U), furazolidone (100 ,ug), and Taxo A (bacitracin, 0.04 U). The TSA II plates were streaked with the rinsed, pressed swab that was used for the broth inoculum described above for the adherence test. The entire surface of each plate was streaked evenly in one direction for confluent growth. After allowing 10 min for the agar surface to dry, the five paper disks were placed on the plate with the Taxo A disk in the center and the others were equidistantly spaced around it. The plates were put in plastic bags to conserve moisture and incubated at 35°C for a full 24 h. The petri plate lids were then removed, and the diameters of the circular inhibition zones were carefully VOL. 26, 1988 Independent testing and data analysis. The standard tests for identification of strains by conventional methods and some of the Staph-Ident tests were done by two of us separately from any other analyses. The tests for PYR hydrolysis, synergistic hemolysis, tube adherence, diskdiffusion susceptibilities on TSA II, and some of the StaphIdent panels were done independently by another one of us, who had no prior knowledge of the identity of the strains. When the results were combined and compared, all aberrant values were confirmed by repeated testing of coded samples. Since the identity of some strains was not confirmed by the conventional methods, the number of strains used in the analysis of the Staph-Ident system is less than that reported in the other analyses (see Table 3 versus Tables 4, 5 , and 7 to 11). All data were stored and analyzed with computer software (dBASE III PLUS; Ashton-Tate, Torrance, Calif.) and a portable computer (COMPAQ) upgraded to 640 kilobytes.
RESULTS
The four-digit biochemical profiles obtained with StaphIdent tests of the 26 species of reference strains are given in Table 2 . Stomatococcus mucilaginosus, the 5 species of micrococci, and 8 of the 20 species of staphylococci shown in Table 2 are not on the Staph-Ident Profile Register that accompanies each test kit. These strains, however, generated some of the same numeric profiles as those species currently on that register and could, therefore, be misidentified without additional testing. For the other 12 species of staphylococci, all but 4 of the reference strains were correctly identified by this system; two strains of S. epidermidis had the 2040 profile of S. hominis, one strain of S. cohnii had the 0240 profile of S. capitis, and one strain of S. intermedius had the 7601 profile of S. xylosus. A comparison of the Staph-Ident test results with our conventional methods for identifying clinical isolates is shown in Table 3 . Of the 766 staphylococcal isolates tested by both methods, 701 (91.5%) were identified to the species level by conventional methods and 93.6% (656 of 701) of the isolates identified to the species level were correctly identified with the Staph-Ident system. The 45 incorrect identifications among the staphylococci were 1 isolate each of S. cohnii and S. hominis, 2 isolates of S. haemolyticus, 3 isolates of S. saprophyticus, and 38 isolates of S. epidermidis. Two of the three incorrect S. saprophyticus isolates were probably misidentified by conventional methods and correctly identified as S. xylosus with Staph-Ident; they had the 7061 profile of S. xylosus. Most (34 isolates) of the incorrect S. epidermidis were identified as S. hominis; 21 isolates had the 2040 profile, and 13 had the 2000 profile of S. hominis.
All the micrococci were incorrectly identified with StaphIdent as staphylococci because they had the same biochemical profiles as staphylococci: 14 had S. capitis profile 0040, 3 had S. hominis profiles 2040 and 2000, and 1 had S. saprophyticus profile 2040. One of the stomatococci was identified as Staphylococcus sciuri profile 4710, and the other had an unknown profile, 0510. So, of the 721 isolates identified by conventional methods, 90.98% (656 of 721) were correctly identified with Staph-Ident. All but 2 of the 65 isolates that were identified as coagulase-negative staphylococci by conventional methods but were not differentiated further, were identified to the species level with the StaphIdent system. We could not confirm these Staph-Ident identifications by conventional methods.
The distribution of species among the clinical isolates is shown in Table 4 (Table 2) . One reference strain each of S. haemolyticus and S. hominis was also positive. All the reference and clinical strains of Micrococcus and Stomatococcus were negative. From 71 to 100% of the clinical isolates of S. aureus, S. epidermidis, S. intermedius, S. saprophyticus, S. simulans, and S. xylosus were positive for adherence (Table 4) . Fewer of the clinical isolates of S. haemolyticus (42%), S. hominis (56%), and S. sciuri (33%); only two strains of S. warneri; and one strain each of S. capitis and S. cohnii were positive. Sixty-nine percent (844 of 1,220) of the clinical staphylococci were adherence positive; 18% were strongly positive, 37% were moderately positive, and 14% were weakly positive (Table 5) . Onefourth (218 of 844) of the adherence-positive strains were strongly positive, and 92% (200 of 218) of these were S. epidermidis isolates. The few other strongly positive strains were scattered among only six species: S. hominis, S simulans, S. haemolyticus, S. capitis, S. saprophyticus, and S. aureus. The two positive strains of S. warneri were weakly positive.
Novobiocin. The results of novobiocin disk susceptibility tests of reference strains on TSA Il are shown in Table 6 . The diameters of the inhibition zones were 15 to 23 mm for strains in those staphylococcal species that have been historically defined as novobiocin susceptible and 6 mm (the diameter of the paper disk, i.e., no inhibition) to 11 mm for those defined as novobiocin resistant (S. cohnii, S. gallinarum, S. kloosii, S. saprophyticus, S. sciuri, and S. xylosus). The two strains of S. lentus, a species defined as slightly resistant to novobiocin, had zone diameters of 12 Starting at the disk, we saw a clear zone of no growth, then epidermidis, 54 S. haemolyticus, 16 S. hominis, 7 S. simufrequently a narrow zone of light-to-moderate growth, and lans, 5 S. warneri, 1 S. capitis, and 14 S. aureus. The then a ring of hemolysis and heavier growth at the edge of remaining staphylococci, the other 17 micrococci, and both the regular growth area of no inhibition. Among the referstomatococci had inhibition zone diameters of >16 mm. ence strains, this hemolytic ring was seen with all the S. When the TSA Il plates of strains in some species were haemolyticus and S. simulans, four ofthe five S. capitis, and five of the seven S. intermedius. With the clinical isolates, the ring was seen with most S. haemolyticus, S. simulans, and S. capitis; with a few S. aureus; and rarely with S. hominis, S. warneri, and S. xylosus. The narrow inner band of light-to-moderate growth measured 1 to 5 mm and was most often seen with S. haemolyticus. The total inhibition zone diameter for one of these strains included one-half the inner band.
Polymyxin B. The results of polymyxin B disk susceptibility tests of reference strains on TSA Il are shown in Table 6 . All the reference strains of S. epidermidis, S. chromogenes, and S. hyicus; the strain of Stomatococcus mucilaginosus; and one strain of S. xylosus were completely resistant to the 300-U disk, with a recorded zone size of 6 mm (i.e., no inhibition). The single strain of M. kristinae had a zone of 10 mm, and all the other reference strains had zones of 11 identification obtained by Staph-Ident and their conventional method, when the tube coagulase and novobiocin susceptibility tests were added to the profile, as recommended by Analytab Products. They also reported that 8 to 14% of the Staph-Ident profiles overlapped two species. Their data showed two strains of S. epidermidis with the 2040 profile and one with the 2000 profile of S. hominis; all three strains were verified as S. epidermidis by DNA-DNA hybridization. Phosphatase activity is considered a secondary characteristic in identification schemes, and 10 to 20% of the clinical isolates of S. epidermidis are phosphatase negative (13, 22) ; yet, the profile register for Staph-Ident excludes all phosphatase-negative staphylococci from identification as S. epidermidis. Despite this problem, which others have also noted (1), we found a good correlation (94%) between our conventional methods and this simple, rapid system for identifying those species of staphylococci most frequently associated with human illness. In addition, two of the isolates reported (8) (9) (10) (11) (12) 17.5 (14) (15) (16) (17) (18) (19) (20) (21) mucilaginosus Micrococcus spp. 18 13.6 (9-19) 6 (all 6) aA 6-mm zone is the diameter of the disk and implies no inhibition.
b Coagulase-negative staphylococci.
as S. saprophyticus in this study were probably correctly identified with Staph-Ident as S. xylosus and were misidentified by conventional methods; they had the 7061 profile of S. xylosus, which includes positive reactions in the alkaline phosphatase and P-glucuronidase tests. Most isolates of S. xylosus produce strong P-glucuronidase activity, and many produce alkaline phosphatase, whereas S. saprophyticus does not produce P-glucuronidase and usually does not produce alkaline phosphatase (20) . The other species of staphylococci, the micrococci, and the stomatococci that were included in this study are rarely isolated from human clinical specimens, and many are primarily of veterinary interest; they would, however, be incorrectly identified with this system as one of the species of coagulase-negative staphylococci. Perhaps, after more strains of these species are studied, several of them could be added to the profile register. The Staph-Ident profile and the origin of the isolate, combined with the results from a few additional tests like those described in this report, could make this system even more useful by identifying several more species. A 4-h test for PYR hydrolysis has been reported to differentiate non-beta-hemolytic streptococcal species (4); we used the same commercial reagents in our study of staphylococci. A recent report by Oberhofer (21) supported the use of a 4-h PYR test for routine presumptive identification of group D enterococci, group A streptococci, and S. haemolyticus. During that study, Oberhofer (21) found that all 26 strains of S. haemolyticus, 2 of 7 strains of S. warneri, and 1 strain of S. intermedius were PYR positive; other strains, including S. aureus, S. epidermidis, S. hominis, S. saprophyticus, and S. capitis, were PYR negative. In our study, we examined more isolates from more species and found that more species were PYR positive. We have added S. auricularis, S. caprae, S. carnosus, S. caseolyticus, S. chromogenes, S. kloosii, S. simulans, S. xylosus, M. kristinae, M. luteus, and Stomatococcus mucilaginosus to the list of PYR-positive species reported earlier (21) . However, this test easily separates S. saprophyticus from S. xylosus, S. aureus and S. hyicus from S. intermedius, and S. hyicus from S. chromogenes.
Except for S. hominis, the pattern of results described in our earlier report on synergistic hemolysis (16) was confirmed in this expanded study. The 14 clinical isolates of S. Adherence to smooth surfaces has been reported for strains of all major species of staphylococci associated with human infections except S. warneri (5). We found two weakly positive strains of S. warneri in adherence tests with glass tubes, but some of our weakly positive strains might be discarded by some grading standards. None of the micrococci or stomatococci were positive, but 69% of the clinical staphylococci and 83% of the S. epidermidis isolates were positive. The strong positive reactions were very easy to see and were good markers for species identity, because 92% of them proved to be S. epidermidis. Adherence is presumed to be evidence of slime production, and slime production has been postulated to be both a colonization (6) and a virulence (9, 17) factor. The ability of an organism to produce slime has been reported to be significantly associated with its ability to cause disease in patients with prosthetic devices (9) and to be useful to the clinician in evaluating clinical significance in cases of nosocomial septicemia (17) .
The conventional methods we used to identify coagulasenegative staphylococci to the species level included a novobiocin disk-diffusion susceptibility test on P agar (19) . Any strain that produced an inhibition zone of 5 mm or less from the edge of the 5-,ug disk (total inhibition zone of <17 mm) was reported to be resistant, and any with a zone of >16 mm was reported to be susceptible (19) . The mean inhibition zone diameters produced by our strains in susceptible species ranged from 26.2 to 33.1 mm on P agar; the range of zone sizes for strains in resistant species was 6 to 13 mm. The mean inhibition zone diameters produced by the susceptible strains tested on TSA Il ranged from 16.8 to 20.7 mm; the zone sizes for resistant species ranged frotn 6 to 11 mm on TSA II. If we defined susceptibility to novobiocin on TSA II as any inhibition zone size of >16 mm and resistance as <17 mm, then 42% of the S. haemolyticus, 17% of the S. hominis, 15% of the S. simulans, and 13% of the S. warneri isolates were resistant to novobiocin. Based on our data, however, we defined a zone diameter of >11 mm as susceptible and a zone diameter of <12 mm as resistant to novobiocin on TSA II (Table 7) . This breakpoint does not agrée with that recommended in an earlier study (12) (14) reported that 83% of the staphylococci and 4% of the micrococci examined were susceptible to lysostaphin, that 3 of 444 strains of staphylococci were negative for glucose fermentation, and that 86% of the staphylococci and 2% of the micrococci grew in the anaerobic portion of the thioglycolate agar. They further stated that, when identification problems arise, all three tests and several others may be needed to distinguish between these two genera.
Susceptibility to the Taxo A disk (bacitracin, 0.04 U) is routinely used in many clinical laboratories to presumptively identify group A Streptococcus pyogenes. This disk test has also been reported as a method for separating staphylococci from micrococci (10); the staphylococci were completely resistant and the micrococci gave inhibition zones of >10 mm in diameter. In a later study, Baker et al. (3) found 94.6% of staphylococci resistant to the Taxo A disk and all micrococci susceptible when an inhibition zone diameter of >10 mm was considered susceptible. In both studies, the medium was Mueller-Hinton agar and incubation was for only 18 h. We used TSA Il incubated for a full 24 h and found that all 1,313 strains of staphylococci were resistant with no zones to measure, but all 24 micrococci and all three stomatococci gave inhibition zones of >7 mm in diameter. The Taxo A disk effectively separated our staphylococci from the micrococci and stomatococci.
A selective medium (FTO agar), composed of Trypticase soy agar with yeast extract, Tween 80, oil red O, and furazolidone, was designed to inhibit staphylococci in a study of corynebacteria from skin specimens (23) . In a later study, Curry and Borovian (8) found that FTO agar prevented the growth of staphylococci and permitted the growth of micrococci, and they suggested that this characteristic might be used clinically by adding a 50-,ug disk to the normal battery of susceptibility tests. In a more recent study of furazolidone (100-,ug) disks on Mueller-Hinton agar, Bakerand 21 mm. Further work with many more strains of this genus needs to be done to resolve this conflict.
Analysis of the characteristics observed with the 1,175 identified clinical isolates (Table 11 ) suggests the following. (i) The furazolidone and Taxo A (bacitracin, 0.04 U) disks should be used together for better separation of staphylococci and micrococci. All the isolates that were susceptible to furazolidone and resistant to Taxo A were staphylococci.
(ii) The polymyxin B disk can be used to separate S. epidermidis from most other clinical isolates of coagulasenegative staphylococci. (iii) The bacitracin disk (10 U) can be used to separate S. haemolyticus from most other novobiocin-susceptible staphylococci. (iv) The PYR test can be used to separate S. xylosus from other novobiocin-resistant staphylococci and S. intermedius from other coagulasepositive species. (v) The synergistic hemolysis and adherence tests could be useful in separating strains within most of the species into biotypes (15) .
Further analysis of our data allowed us to prepare a flow chart of characteristics that help differentiate these organisms (Fig. 1) . All of the tests shown in this chart are easy to do, are read at or before 24 h, and use readily available commercial products. For this chart to be valid, however, all of the tests must be done as we have described them in this report, until it is demonstrated that another medium or method is equivalent. These tests require (i) TSA II plates for the synergistic hemolysis and antimicrobial susceptibility tests, (ii) Trypticase soy broth and the Gram staih-safranin reagent for adherence tests, and (iii) a PYR test kit containing tubes of PYR broth and the developing reagent.
The Staph-Ident strip can be used with confidence to identify most clinical isolates of staphylococci, provided that the few simple tests already recommended by Analytab Products are also done. The simple additional tests we described in this report further increase the accuracy of this system. The susceptibility tests with furazolidone and Taxo A disks on TSA II prevent the misidentification of micrococci and stomatococci as staphylococci, and the test for resistance to polymyxin B prevents the misidentification of S. epidermidis as S. hominis. The tests for resistance to bacitracin and for PYR hydrolysis help to identify some of the species and support the identification of several others. Only commercial media and reagents already available in many clinical laboratories are needed for these extra tests. Further testing of additional strains of micrococci, stomatococci, and the other less frequently encountered species of staphylococci may show that many of them could also be identified with the combination of simple tests reported in this study.
